Field experiments were carried out to contribute to the assessment of the VICAS protocol aiming to measure settling velocities of particles. Samples of deposited sediments have been taken in the Django Reinhardt stormwater detention and settling tank in Chassieu, France, using sediment traps located on the tank bottom. The first set of experiments was designed to assess the VICAS protocol in terms of mass balance and repeatability. A bias in the measurement of settling velocities distributions of deposited sediments (i.e. particles with high settling velocities) was suspected and confirmed by specific tests. Uncertainties in the final distribution curves have been evaluated by using Monte Carlo simulations and the law of propagation of uncertainties. All uncertainty calculations were implemented in a MatLab code named UVICAS used for each experiment. This code allows analysing the main sources of uncertainties and their evolution during experiments. Uncertainties in the final distribution curves decrease with increasing values of settling velocities and are lower than 1%.
Thus, the evolution of the cumulated mass of solids settled according to time, noted M(t), can be calculated. From this distribution, the settling velocity curve F(V s ) can be derived, indicating the cumulative fraction F of the total mass of particles having a settling velocity lower than or equal to V s , using Equation 1:
with S(t) the cumulated mass of particles having settled at the bottom of the column after the duration t with a settling velocity greater than H/t with H the water depth in the column (Chebbo 1992; Chancelier et al. 1998) , SðtÞ ¼ MðtÞ 2 tðdMðtÞ=dtÞ, V s ¼ H/t, M dec the total mass settled in the column and M fin the mass of solids remaining in the column at the end of the experiment. -Krajewski (2001) proposed that the curve M(t) could be represented by means of a simple function with three calibration parameters (b, c and d), according to Equation 2:
Bertrand
The parameter b represents the theoretical maximum mass which would have settled in the column when t ! 1.
F(V s ) is calculated from the six variables t, b, c, d, M dec and M fin by means of the following equation derived from Equations 1 and 2:
According to international metrology standards (see e.g.
NF ENV 13005 1999), the uncertainty u(y) of a value y depending on other values through a function like y ¼ f(x 1 , x 2 , … , x N ) is called composed standard uncertainty. Its value is calculated by the law of propagation of uncertainties: u(x i ,x j ): estimated covariance between x i and x j, related to the correlation coefficient r( Gromaire & Chebbo (2003) proposed to calculate a mass balance to evaluate the quality of the VICAS measurement results, in order to detect any loss of particles which would generate bias and errors in the final result. This mass balance rests on the comparison of the initial mass introduced in the column with the sum of M dec (total mass of particles having settled in the column at the end of the experiment) and M fin (mass of particles remaining in the column at the end of the experiment). As this mass balance is difficult to calculate (the initial mass in the column can not be directly measured) and not complete, the approach has been extended to calculate the mass balance by accounting for ALL particles used in the experiment. In addition to M dec and M fin defined as above, the following masses are defined: M hom and M s are determined after a very meticulous washing of all equipments with distilled water. The mass balance is then written:
RESULTS AND DISCUSSION
with D the error in the mass balance.
Mass balance tests were carried out with three different samples from the Django Reinhardt settling tank having various sample concentrations. The results are given in Table 1 . The mass balance is quite good, with errors ranging from 3 to 5%. However, it appeared that concentrations of particles were lower in the settling column than in the sample vessel. In fact, the major part of the initial total mass of particles is divided among the sample vessel M br (more than 54%) and the settled mass M dec (more than 23%).
The mass concentration for the initial sample (M ini ) and the sample contained in the column at the beginning of the experiment (M dec þ M fin ) have been calculated. Table 2 shows the concentration results obtained. In order to test this hypothesis, specific tests were In test 1, relative differences range from 88% (v 80 ) to 134%
(v 20 ). In test 2, relative differences range from 78% (v 10 ) to 105% (v 90 ). These results revealed the bias for sediments deposited in settling tanks. However, more tests are required in order to fully assess the modified VICAS protocol in terms of repeatability and uncertainty.
Tests of repeatability with the initial VICAS protocol have been carried out. One example is presented hereafter.
Three 5 The uncertainty in F(V s ), noted u(F(V s )), has been estimated by applying the law of propagation given by
Equation 4:
with x i the 6 variables of Equation Figure 4 illustrates, for one example, the correlated random curves simulated and the results (mean value and standard deviation considered equivalent to standard uncertainty) obtained for b, c and d.
As M dec ¼ P 10 p¼1 m p , its standard uncertainty is calculated from the standard uncertainties in each value m p , which are themselves calculated from the elementary weighing of dried filters used to separate the particles collected in each aluminium plate. For each weighing, the standard uncertainty is assumed to be equal to the standard uncertainty of the laboratory scale, i.e. 1 mg. A similar calculation is made for M fin , which is determined from the filtration of the water in the settling column at the end of the (iv) the covariance between the three above factors.
The above elements confirm the interest of the VICAS protocol. Nevertheless, some observations revealed that a significant bias may occur if the protocol, initially developed for suspended solids, is applied to deposited sediments with high settling velocities. In this case, it may happen that the particles are pumped into the settling column with a concentration different from the concentration in the sample vessel. This hypothesis was confirmed by specific tests and a modified protocol was tested to confirm and quantify the bias. The settling velocities obtained with the modified protocol are likely more representative, e.g. in order to design settling tanks, to analyse their functioning and also for modelling purposes.
